The present study aimed to compare the plant food diet of woolly spider monkeys (Brachyteles arachnoides) inhabiting Intervales State Park in São Paulo, Brazil, with medicinal plant species used by humans in the surrounding areas of the park. The diet of a group of woolly spider monkeys living in an Atlantic forest area was recorded during 43 months of fieldwork. Fifty-three species (87 food items) were recorded. Plant specimens were collected and identified at the University of São Paulo and the Botanical Institute of São Paulo State. Using semi-structured interviews, ethnomedicinal data were also collected from four preselected respondents regarding the human therapeutic value of these plants. The study showed that 24.5% (13/53) of these species are used by residents around the park for medicinal purposes. Of these thirteen, seven species also have validated pharmacological properties, and three are utilized by local residents for similar medicinal purposes. Overlap in the plant food/medicinal diet of woolly spider monkey populations elsewhere were also noted, suggesting potential overlap in their medicinal value for humans and primates. The similarities between the ingestion of plants by primates and their medicinal use by humans provide a bio-rational for the search of bioactive plants in the primate diet. Further detailed investigation of their pharmacological and phytochemical value is warranted.
Introduction
Most primates have a diverse plant based diet, from which they obtain the needed calories and nutrients necessary for survival and reproduction (Oats, 1987; Altmann, 1998; Lambert, 2011) . The major plant dietary strategies are frugivory and folivory, supplementing this with seeds, sap, bark and flowers (Carvalho, 1996; Lambert, 2011) . However, plants provide more then just nutrients. Plants also contain a variety of secondary metabolites that have largely been viewed as deterring primates from eat them (Glander, 1982) . It has also been shown that many different primate species ingest plants containing both nutritional and medicinal value, suggesting that these secondary metabolites could actually be beneficial to the health of the user (e.g. Sifaka: Carrai et al., 2003; gorilla: Cousins and Huffman, 2002; chimpanzee: Huffman, 2003; Krief et al., 2005 Krief et al., , 2006 Japanese macaque: MacIntosh and Huffman, 2010) .
Building on the work of animal self-medication, an identified path for the discovery of new drugs of potential value to humans is based on the evaluation of the medicinal potential of the diet of great apes, Old World monkeys and prosimians (Ohigashi et al., 1994; Huffman et al., 1998; Krief et al., 2004) . The basic premise of this process, also known as zoopharmacognosy (Rodriguez and Wrangham, 1993) is that animals utilize plant secondary metabolites and other non-nutritional substances in the diet as a form of passive prevention or treatment for diseases such as parasite infection (Huffman, 1997) . Huffman points out that the challenge of interpreting self-medication in animals is to distinguish between possible indirect medicinal benefits derived from limited ingestion of plants rich in secondary compounds of biological significance (medicinal foods), versus the limited and situation specific ingestion of non-nutritional items that are processed solely for their therapeutic medicinal properties (e.g. Huffman and Seifu, 1989; Huffman et al., 1993) . One thing, that sets medicinal foods apart from normal dietary food items high in nutritional value, is the biological properties present in dietary items eaten at seasonally limited periods in small amounts, with no signs of illness, that have use in human traditional medicine for ailments common to both humans and animals. The plant diet of neo-tropical primate has remained under-studied and under reported in these aspects (Janzen, 1978; Glander, 1994) . Brazil has an incalculable wealth of traditions, customs and cultural traits that still linger, especially in traditional societies. Plants comprise part of the identity of a group of people because they reflect what they are and what they think as well as their relationships with their surroundings (Medeiros et al., 2004) . Therefore, the use of plants for therapeutic purposes is part of a social and ecological context, and most of the specificities of such use can only be understood in this context.
Understanding the role of plants in the diet of neo-tropical primates and how these plants may be used to promote health is a potential new avenue to help understand the biological bases and origins of traditional practices within efforts to develop potential bioactive compounds. Using this bio-rational, the present study aimed to compare the plants contained in the diet of woolly spider monkeys (Brachyteles arachnoides) inhabiting Intervales State Park in São Paulo, Brazil, to the plant species used in human medicine around the park.
Materials and methods

Ethics
This study was approved by the Unifesp Ethics Committee (CEP-UNIFESP) under the process number 031538/2016, and Terms of Consent (TCLE) were obtained from respondents. (Fig. 1) .
Study area and groups
Intervales
According to The IUCN Red List of Threatened Species, B. arachnoides has been categorized as an endangered species since 1982. In Brazil, the distribution of woolly spider monkeys is currently restricted to isolated, scattered areas because of anthropogenic disturbances, ranging from deforestation to indiscriminate hunting (Lemos de Sá, 1988) . The group of woolly spider monkeys reported here consisted of 39 individuals occupying an area of use of 1216.35 ha (Petroni, 1993 (Petroni, , 2000 .
Species and food items used by woolly spider monkeys
A behavioural study of woolly spider monkeys was conducted during 43 months of fieldwork, from 1989 to 1990 and from 1994 to 1997, by one of the authors (Petroni, L.M.) . The daily activities of the woolly spider monkeys were recorded ad libitum (Altmann, 1974) . The present study performed a qualitative analysis of the diet of the group studied. The calculation of the intake of each food item was based on the number of observations in which each item was consumed by woolly spider monkeys. The samples of plant specimens observed in the diet of monkeys were collected for identification purposes using the dry method (Mori et al., 1985) consisted of the following: branches, flowers or fruits knocked down or picked from treetops by the monkeys. Food items were classified into flower, fruit, and leaf categories. All of the plant specimens were identified by researchers from the Universidade de São Paulo, Department of Ecology and from the Botanical Institute of Sao Paulo State, and their exsiccates were deposited in the corresponding herbaria.
Ethnomedicine
Semi-structured interviews, field diary and participant observation were used during fieldwork (Bernard, 1988) to obtain knowledge of the people living around the park, regarding the medicinal use of the plants included in the diet of woolly spider monkeys. The authors selected four respondents in April 2016, based on their recognition by other local residents as holders of knowledge on medicinal plants. These correlations were performed using both the popular and scientific names of the plants because the respondents are also park rangers and have thus learned the scientific names of the plants through helping local botanical researchers.
The uses of plants by primates and humans were organized, and their biological activities as reported in the pharmacological scientific literature, as well as other studies on diet of woolly spider monkeys, were assessed to impart greater robustness to the data, enabling inferences on any potential bioactive compounds. One of the limitations of our study is that we did not collect specific data on the health of individuals when feeding. This was not a part of initial study.
Results and discussion
Plant food diet of woolly spider monkeys
The diet of woolly spider monkeys recorded at Intervales State Park contained 53 plant species, from which 87 different items were eaten; leaves, fruits and flowers. An equal number of leaves (45.5%) and fruit (45.5%) items were recognized, with flowers (9%) representing only a small proportion of the diet. These species belonged to 27 families (Box 1). Among them, Myrtaceae had the greatest number of food species (n = 10) represented, followed by Fabaceae s.l. (n = 8), Lauraceae (n = 4), Moraceae (n = 3), Celastraceae, Euphorbiaceae, Rubiaceae, Sapotaceae and Urticaceae (two species each). The remaining families were represented by one species each.
In order to analyze the diet of Intervales State Park woolly spider monkeys compared with that of B. arachnoides populations elsewhere, we compared our list with published records in the literature (Box 1). The sites for which literature was available included two states of southeastern Brazil: state of São Paulo: Intervales State Park, municipality of Ribeirão Grande (Vieira and Izar, 1999) , Fazenda Barreiro Rico, municipality of Anhembi (Assumpç ão, 1983; Milton, 1984; Martins, 2008) , Carlos Botelho State Park, municipality of São Miguel Arcanjo (Talebi et al., 2005; Bueno et al., 2013) ; and state of Minas Gerais: Fazenda Montes Claros, municipality of Montes Claros (Brozek, 1991) . A complete comparison was difficult, as the part consumed was not always indicated and in some instances plant foods were only listed to the genus level or incomplete species were given.
Food items in species from the Myrtaceae family (n = 17), followed by those of Lauraceae (n = 5) and Fabaceae s.l. (n = 3) were recognized for B. arachnoides at Carlos Botelho State Park (Moraes, 1992) . These families are among the most common in the region of the Intervales and Carlos Botelho State Parks (Hueck, 1972) . In Minas Gerais state, food plant species from the families Fabaceae s.l., Myrtaceae and Moraceae were among the main dietary components of B. arachnoides there (Brozek, 1991) .
Overall, fifteen species in the same genus were recorded in the diets of these different populations; seven of which were the same species (marked with an asterisk in Box 1). Ten out of the fifteen species had at least one part of the same plant consumed by monkeys at one or more other sites. The main items reported to be consumed were leaves, fruits and flowers. Among the plant food items mentioned in Box 1, whose ingested parts were reported, there was a predominance of fruit (70%), followed to a much lesser extent by leaves (20%), seeds (5%) and flowers (5%). The main food source of Brachyteles is fruit. However, Martins (2008) found that depending on location habitat, fruit consumption occupies between 21% and 71% of the average annual feeding time of B. arachnoides.
A study conducted by Milton (1984) in Barreiro Rico, São Paulo state, found a higher number of leaves in the diet of woolly spider monkeys than in a study conducted by Strier (1986) in Montes Claros, Minas Gerais state, where a higher number of fruits was observed. These dietary differences are mainly related to the existence of a higher number of species that provide fruits in Montes Claros than in Barreiro Rico (Strier, 1986) .
Ethnomedicinal and pharmacological properties of the diet
Evidence for possible medicinal activity in the diet of woolly spider monkeys, either ethnomedicinally or pharmacologically validated, was recognized in 37.7% (20/53 species) of the species listed in Box 1. Of these, thirteen were reported by the four local respondents as being used for ethnomedicinal purposes, fourteen had reported pharmacological activity, while seven had both ethnomedicinal and pharmacological records.
The ethnomedicinal uses described for these species were; laxative/purgative (n = 5), wound healer, cold remedy (n = 3 each), stimulant, bronchitis, ulcers/gastritis, hoarseness, warms the body (n = 2 each). Other less frequently listed properties, represented by one species each were, asthma, fracture, hypotensive, aphrodisiac, postpartum weakness, hepatitis, rheumatism, cleanser, infection, clotting agent, digestive (n = 1 each). Some species had multiple uses reported, e.g. Tapirira guianensis was used as a purgative, wound healer and other treatment for cuts. The fact that the indication to fight a cold is almost always accompanied by the expression warms the body stands out. According to respondents, the sensation imparted is that of comfort because the body becomes warm, mitigating the undesirable cold symptoms.
Twenty-six percent (14/53) of the food plant species in Box 1 have pharmacological properties. However, of the thirteen ethnomedicinal plant species reported by the respondents, only seven had reported pharmacological uses. Of these, three have uses similar to the biological activity reported in the scientific literature (marked with two asterisks in Box 1). The human use of aroeira (Tapirira guianensis Aubl.) as a wound and cut healer matched its anti-bacterial pharmacological activity (Roumy et al., 2009 ). The species Croton urucurana Baill., known as pau-sangue (dragon's blood) used as a wound healer, was studied by Peres et al. (1997) , who found antimicrobial activity. While jatobá (guapinol), Hymenaea courbaril L., indicated for cold symptoms, has shown immunomodulatory activity (Rosário et al., 2008) , although the plant parts studied in the pharmacological literature and the parts indicated by the respondents of this study were not always the same (Box 1).
Zoopharmacognosy and ethnomedicine
As mentioned before, among the 53 plants consumed by primates in the present study, thirteen are also used in local human medicine. However, we observed little similarity when comparing the parts of the thirteen plants used by both by the respondents and primates. Humans use the following plant parts for medicinal purposes: bark (four plant species), seeds (3), leaves (2), root, fruit, sap, oil, resin, core, latex and vine (one each); while for these thirteen plants, the primates mostly consumed fruits (nine species) and/or leaves (8).
One possible explanation for this difference is that folk medicine has many plants preparation forms, predominating is the use of leaves and bark in their recipes. While primates have a consistently frugivorous diet when inhabiting less disturbed habitats, as is the case here. Their predominant food item is fruit. Moreover, the fruits are rarely used in human medicine. In this sense, a convergence was not expected. Still, it is not possible to claim that the bioactive properties are not present in different parts of the plants to establish a broader discussion. Future chemical studies could and should investigate these properties, expanding our understanding and bringing more data to light. 
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a The matches between the plant species consumed by woolly spider monkeys observed in the present study and reported at other B. arachnoides study sites. b Local ethnomedicinal value is consistent with reports from the pharmacological literature. Ba, bark; Sa, sap; Br, bract; Ro, root; La, latex; Li, liana; He, heartwood; Fr, fruit; Re, resin; Le, leaves; Fl, flowers; Se, seeds; N.d.f., no data found.
While pharmacological literature corroborated some of the biological activity obtained from our interviews, this overlap is not the most outstanding aspect of this study. Rather, it is notable that thirteen species of a total of 53 plants present in the diet of monkeys are included in the medicinal repertoire of people living around the park. Several studies have previously shown a strong correlation between the plants used by primates for self-medication and plant species used in the traditional medicines of local communities (Baker, 1996; Gottlieb et al., 1996; Huffman, 1997; Cousins and Huffman, 2002; Krief et al., 2005) . Krief et al. (2005) also found that several plant species included in the diet of chimpanzees are used by traditional healers in local communities in Africa. When correlating these plants with the ethnomedicinal literature, those authors found that at least 35 (21.5%) of the 163 species included in the diet of chimpanzees are used in traditional medicine, including in the treatment of intestinal parasites, skin infections and respiratory diseases. Huffman (1997 Huffman ( , 2003 also reported in two studies of chimpanzees, that 22% of the diet contained medicinal plants used specifically against parasites by people in Africa. Also, a study conducted by MacIntosh and Huffman (2010) verified that 21.9% of the plant food items of ten Japanese macaque troops also contained antiparasitic and other medicinal properties. The results of the present study are similar to that reported above; i.e. 24.5% (13/53) of the plants in the diet of the woolly spider monkeys matched the plants used in local human medicine.
These studies show that almost one quarter of plants found in the diets of primates have some medicinal value to humans. This is interesting as it indicates a commonality between humans and non-human primates in their selection of plants. Further studies should investigate the relative medicinal and nutritional value of these plants. Cousins and Huffman (2002) indicated a strong correlation between the plants used by gorillas and the plants used by local communities to treat parasitic, fungal, viral, cardiac and respiratory diseases. These uses corroborate the data found in the present study because many of those therapeutic uses were also reported herein.
It is interesting that five (38.5%) of the plants recognized by respondents in our study as being medicinal are used as laxatives and purgatives, i.e. Tapirira guianensis Aubl., Copaifera trapezifolia Hayne, Virola bicuhyba (Schott ex Spreng.) Warb., Solanum rufescens Sendtn. and H. courbaril L. Another five species have anti-parasitic activities in the literature (Box 1), including the following activities; leishmanicidal: Piptadenia adiantoides (Spreng.) J.F. Macbr., (Campos et al., 2008) , anthelmintic: Ficus insipid Willd. (de Amorin et al., 1999) , antiplasmodial: Guatteria australis A. StHil. (Fischer et al., 2004) , trypanocidal: Cinnamodendron dinisii Schwacke (Andrade et al., 2015) and acaricidal: Ocotea diospyrifolia (Meissn.) Mez (Dos Santos et al., 2013 ) (Box 1).
Our data indicate the importance of plants with laxative and purgative activities in the diet of woolly spider monkeys. Such therapeutic uses in humans may be related to anti-parasitic activities in primates, as was also observed in previous studies (Huffman and Seifu, 1989; Huffman et al., 1993 Huffman et al., , 1996 Huffman et al., , 1997 Huffman and Caton, 2001) . These studies established a direct link between parasite infection and 'self-medication' in chimpanzees. In our study it was not possible to establish such a correlation, since faecal parasitological analysis of the monkeys were not conducted. For this reason, in the present study we could only make inferences considering their potential as medicinal foods. The physiological balance existing between primates and parasites is a known phenomenon, and it is even more relevant in animals inhabiting less anthropised environments (Kowalewski et al., 2010) , as in the case of our study. Accordingly, the use of plants with antiparasitic activity is important and, therefore, could explain their use not only among humans but also among primates, strengthening their pharmacological potential.
Among the plants present in the diet of woolly spider monkeys, in addition to the therapeutic uses outlined above, we found two toxic plants, Phytolacca dioica L. (Ashafa et al., 2010) and Ficus insipida Willd (de Amorin et al., 1999) . The same plant parts shown to be toxic are the parts consumed most by the woolly spider monkeys while they are actively avoided by other primates such as chimpanzees (Gustafsson et al., 2016) . This should be examined more closely in future studies.
Conclusion
The relationships between plants, primates and humans observed in the present study indicate potential bioactive compounds to be examined in future pharmacological and phytochemical studies, especially those plants with antiparasitic activity. Both aspects could significantly contribute to improving the quality of life of local communities and to the sustainability of the Atlantic Forest, especially at the study site.
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